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Under standing Household Demand for Indoor Air Pollution
Control in Developing Countries

Abstract

More than 2 billion people rely on solid fuels and traditional stoves or open fires for cooking,
lighting, and/or heating. Exposure to emissions caused by burning these fuelsis believed to be
responsible for a significant share of the global burden of disease. To achieve widespread health
improvements, interventions that reduce exposures to indoor air pollution will need to be adopted
and consistently used by large numbers of households in the developing world. Given that such
interventions remain to be adopted by large numbers of these households, much remainsto be
learned about household demand for interventions designed (in part at least) to reduce indoor air
pollution.

A genera household framework is developed in Section 2 that identifies in detail the determinants
of household demand for indoor air pollution interventions, where demand for an intervention is
expressed in terms of willingnessto pay. Household demand is shown to be a combination of
three terms: (1) the direct consumption effect; (2) the child health effect; and (3) the adult health
effect. While micro-level data are not available to estimate directly this model, existing data and
information are used in Section 3 to estimate just the health effects component of household
demand. Based on such existing information, it might be concluded that household demand
should seemingly be strong given that willingness to pay, based on existing information, is
seemingly large compared to costs for common interventions like improved stoves.

Given that household demand is not strong for existing interventions, this analysis shows that
more clearly focused research on household demand for interventionsis needed if such
interventions are going to be demanded (i.e. adopted and used) by large numbers of households
throughout the developing world. Four priority areas for future research are: (1) improving
information on dose-response rel ationships between indoor air pollution and various health effects
(e.g. increased mortality and morbidity risks); (2) improving information on impacts from
interventions in terms of air pollution reductions and aso cooking times, fuel use, and heat
intensities; (3) improving information on household shadow values for improved health, with
separate information for adult and child health; and (4) considering more directly household
information, and its adequacy, for their ability to evaluate the relationships between fuel use and
health.



Under standing Household Demand for Indoor Air Pollution
Control in Developing Countries

1. I ntroduction

More than 2 billion people worldwide rely on solid fuels—wood, charcoal, dung, crop residues,
and coal—and traditional stoves or open fires for cooking, lighting, and heating. Solid fuels,
while providing direct energy benefits to households, aso impose on them a series of costs. One
of the costs associated with solid fuels and traditional stoves stems from the very high levels of air
pollution they generate. The health effects of high levels of indoor air pollution, such as higher
mortality rates and increased risks of respiratory illness, fall mainly on children and women, who
spend a good deal of time inside cooking and tending fires. Indoor air pollution from burning
solid fuelsis regarded as one of the most serious environmental problems facing developing
countries (Smith et a. 2000; World Bank 1992), endangering the health of perhaps 400-700
million people. It is estimated to account for about 4 percent of the total burden of disease and
2.8 million premature deaths per year (Bruce et al. 2000)." Two thirds of this total occursin
rura areas of developing countries, where the main source of pollution is smoke from fires and
stoves, and another 23 percent is in urban areas of developing countries (WHO 1997; Reddy et al.
1997).

Smoke from the combustion of solid fuels contains a large number of potentialy hazardous
pollutants, including particul ates, carbon monoxide, benzo[a]pyrene, formaldehyde, and nitrogen
dioxide. Exposure to these pollutants, especially small particulates, iswidely believed to be arisk
factor for anumber of health damages, including acute respiratory infections (ARI), chronic
obstructive pulmonary disorder (COPD), cancers, cataracts, and low birth weight. To date,
empirica studies have not defined the precise relationship between indoor emissions and health
damages. Based on a number of observational studies in developing countries, however, it
appears that young children in households that use solid biomass fuels are 2-3 times more likely to
suffer ARI than children in households that use other fuels (Smith and Mehta 2000). Similarly,
women who have cooked over biomass fires for fifteen years are 2-4 times more likely to develop
COPD than are other women (Smith 1999).2

A number of interventions have been devel oped to reduce household exposure to indoor air
pollution. The most widely-implemented is the introduction of improved stoves that emit fewer
pollutants than traditional stoves. Other interventions include fuel-switching (e.g. from wood to
coal or kerosene); improving household ventilation, fuel use practices, and cooking practices (i.e.
lids on pots); and atering childcare practices to keep children away from the kitchen during
cooking times.’

! This definition of indoor air pollution includes environmental tobacco smoke and other types of pollution as well as
smoke from biomass and coal combustion.
2 The literature on the health effects of solid fuel useis reviewed in Smith and Mehta (2000) and in Bruce, Perez-
Padilla, and Albalak (2000).
3 See Ballard-Tremeer and Mathee (2000) for a description of these interventions.
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Economic logic suggests that household demand for an intervention is equal to the household's
willingness to pay for the intervention. If thiswillingness to pay, based on the household's
perceived net benefits, is greater than the cost, a household will adopt (buy) the intervention.
Given that some 300-400 million households have not yet adopted such interventions,” it is
reasonable to conclude that current household willingness to pay for available interventions is less
than the current cost. Improving our understanding of household demand for such interventions
remains a prerequisite for developing effective, large-scae policies and programs to reduce the
impacts of indoor air pollution.

In the past decade, the literature on indoor air pollution and health—including anayses of the
magnitude of the problem; the correlation among fuel use, air quality, and health; and the physica
impacts of interventions (e.g. changed fuel efficiencies, cooking times, etc.)—has grown rapidly.
There has been little analysis to date, however, of household-level demand for indoor air pollution
interventions. The public headth officids, researchers, and program implementers working in the
area of indoor air pollution abatement therefore lack a critical piece of information.

The purpose of this paper isto identify the determinants of household demand for interventions
designed to reduce indoor air pollution The rest of the paper is organized as follows. Section 2
presents a microeconomic household framework that can be used to identify household demand
for interventions that are designed to reduce indoor air pollution from burning solid fuels. Section
3 uses existing data from devel oping countries to demonstrate how the framework can be used to
estimate key components of household demand related to adult and child health.”

The examples in Section 3 seem to suggest that household demand for interventions, based simply
on their health impacts, should be strong. Given that many millions of households continue to rely
on solid fuels and traditional stoves, it is clear that much remains to be learned empirically about
household demands for interventions designed (at least in part) to reduce indoor air pollution. The
paper concludes in Section 4 with a discussion of research that is needed if we are to strengthen
household demand for interventions on a scale that is commensurate with the magnitude of the
health burden.

* |f we assume an average household size of 5-6, the 2 billion people estimated to be using solid fuels represent on the
order of 300-400 million households.
® The direct consumption component is the focus of the literature on fuelwood collection and stove adoption. See, for
example, Amacher, Hyde, and Joshee (1993) and Amacher, Hyde, and Kanel (1999). Thisliteratureismainly
concerned with the household impacts of fuel scarcity and/or the impacts of improved stoves on fuel collection and
deforestation.
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2. A Microeconomic Framework for Identifying Household Demands for Interventions

When some intervention is adopted by a household to reduce indoor air pollution levels, such asa
new stove, this adoption brings about a variety of changes in household activities and potentially
in welfare. Such changes might include, for example:

lower emissions and concentrations of indoor air pollutants, which could lead to reduced
incidence of ARI, COPD, etc,;

atered risk of burns and poisonings (e.g. from kerosene);

changes in cooking practices that could alter women’s and children’ s time in the kitchen;
changesin the cost of cooking (e.g. by atering stove efficiency) that could change the amount
of food prepared each day, the types of foods prepared, and the frequency of preparation;
reallocation of women’s and children's time spent on gathering fuels,

reallocation of household income if money is spent or saved on the stove and fudl;

shiftsin other household production activities, such as agricultural production, and therefore
in household income, due to the changes in fuel costs, time allocations, and labor productivity;
and

changes in medical expenditures to avoid and treat morbidity.

While adopting and using an intervention can induce many changes, the demand for an
intervention is derived from the household’' s willingness to pay to obtain the welfare increase
associated with adopting and using the intervention. Thus, to analyze household demand, a
household welfare function is needed.

2.1 An Expanded View of Household Welfare

Economic models of households in developing countries usually begin with some notion of
household welfare represented by a utility function, where utility is derived from consumption of
various goods and services and leisure. Depending on the situation, some of these goods and
services are purchased in local markets, and some are produced directly by the household.

To investigate health-related issues, it is necessary to consider an expanded form of a household
utility function that includes specific health-related variables. As an example, consider a
household with a utility function

U=U(Caq Cc,Cm,L,E, P, Hc, Ha),

where Cais adult consumption of prepared foods; Cc is child consumption of prepared foods;, Cm
is household consumption of various market purchased goods; L is adult leisure time; E is energy
produced from burning fuels; P is pollution inside the home; Hc is child health; and Hais adult
health.



These eight variables were chosen to cover awide range of possibilities that are incorporated to
varying degrees in the health economics literature and the literature on agricultural production in
developing countries. The agricultural household literature usually focuses on food consumption,
consumption of market purchased items, fuel use, and leisure, although the explicit relationship
between raw foods and prepared foods is not usualy considered (see, e.g., Amacher, Hyde, and
Kanel 1999; de Janvry, Fafchamps, and Sadoulet 1990; Singh, Squire, and Strauss 1986). The
health economics literature typically assumes that utility depends on health, leisure, and other
consumption of market goods (e.g., see Harrington and Portney 1987; Alberini and Krupnick
1999; Grossman 1972; and Jacobson 2000).

In the above formulation of the household utility function, prepared foods and fuel use affect
household welfare (utility) through several channels. Prepared foods affect utility in two ways:
directly, as afinal consumption item for adults and children; and indirectly, as an input into the
health of children and adults. Fuel use affects household welfare through five different paths: (1)
by providing energy for the production of prepared foods, which then affect utility directly; (2) by
providing energy for the production of prepared foods, which affect health and then utility; (3) by
generating indoor air pollution, which affects health and then utility; (4) by providing energy for
services, such as warmth and light, that are directly valued by the household; and (5) by
generating emissions that might negatively affect household utility in ways not related to health.
For example, biomass smoke could be an eye irritant that households didlike, independent of any
health concerns. It is not necessary that all five effects exist for al householdsin all locations, but
the possibilities are included here for compl eteness.

2.2 Adding Indoor Air Pollution Interventions to the Household Utility Function

Given the household utility function described above, we must now identify how an indoor air
pollution intervention affects household welfare. For the purposes of this paper, indoor air
pollution interventions are organized into two categories: (1) fuel efficiency interventions that
allow the same amount of energy to be produced with lessfuel (i.e., increasesin afue efficiency
parameter denoted as $); and (2) emission/concentration/exposure reduction interventions that
reduce the amount of emissions per unit of fuel used (i.e., reductions in an emissons intensity
parameter denoted as **). Emissions reduction interventions in this framework include improved
stoves with and without chimneys, aternative fuel combinations, improved ventilation, and
placement of stoves/fireskitchens. The same interventions that reduce emissions can aso affect
the efficiency with which fuel is converted into heat and heat is transferred to the food. Even if
the primary objective of the intervention is to lower emissions, the fuel efficiency consequences
must be incorporated into the analysis to understand the overall household benefits.

In this model, households are assumed to maximize their welfare subject to various constraints.
These constraints usually involve monetary and time endowments, other exogenous factors,
production technologies, and income. For example, household agricultural production constraints
include production of some crop (a staple such as maize, cassava, rice, and/or millet) aswell as
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the gathering of fuel.® These items are produced and consumed by the household, and any surplus
not consumed by the household may be sold on alocal market. 1n some settings, local markets do
not exist for a product, so that household production must equal consumption of the item (e.g.
households are often self-sufficient in producing and consuming fuelwood). Inputsinto these
production constraints can include land, women’s labor inputs, and access to fuel sources.

The household is aso constrained by its time endowment, which for our purposesiswomen’'s
time. Avallable femadetimeisadlocated to four main uses. fuel collection, crop production,
cooking time, and other activities (other domestic tasks, child care not during cooking, etc.).
Some activities, such as fuel gathering and child minding, might be jointly accomplished. The
household is constrained in that these four uses of time (the household’' s demand for Iabor) must
equal its available time (its supply of labor).

Women and children in a household consume a number of goods, such as the staple crop, fuel,
market-purchased consumer goods, and perhaps healthcare services. If household demand for the
staple is less than household production of the staple, the household has net sales and additional
cash income (and vice versa). If the gathered fuel is a non-marketed item, household fuel
gathering must equal household demand for fuel. 1f well-functioning markets for fuels and
women'’s labor do not exist, the household’ s shadow prices for fuel and women’s time must adjust
so that demand for these items equals supply.”

In making these consumption decisions, households face a cash constraint. Inthissmple
framework, expenditures on market-purchased consumer items and health services must equal any
non-labor exogenous income, denoted as S (e.g. cash transfers from arelative in a city) plus net
market sales/purchases of the food crop. Total household income is then equal to household cash
profits from agricultura activities plus any off-farm wage income plus any non-labor income S.
This budget constraint is binding so that total income equals total expenditures.

Assuming a household has maximized its welfare given the various production, time, endowment,
and income constraints, the household' s level of utility can be written as:

U* = U( Car, Cc*, Cm*, L*, E*, P*, He*, Ha* ),

where U* isthe maximized level of welfare and the “*” notation denotes the optimal levels of
each item in the household welfare function. All the household’ s constraints are binding, so that
these optimal values depend on all the exogenous or fixed factors in the household' s decision
problem. In our model, these factors are the parameter **, representing the emissions intensity of
fuel used in the household (e.g. grams of PMyo per kg of wood); the parameter $, representing the
energy intensity of fuel used in the household; S, representing exogenous income (i.e. transfers);

® HOW 1S CROP PRODUCTION AND FUEL GATHERING A “CONSTRAINT”? CLARIFY WORDING.
" For more on such non-separable models with missing markets, see Singh, Squire and Strauss (1986) and
de Janvry, Fafchamps, and Sadoulet (1990).
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and Z, representing all other fixed parameters influencing household choices (e.g. fixed prices,
technologies, preferences, time endowments, local infrastructure, etc.).

Since all the optimal choices depend on these fixed factors ™, $, S, and Z, the welfare function can
be written smply as:

u*=Vv("$;S, 2)

where U* is the maximized level of household utility given al the exogenous or fixed factorsin
the household decision problem. The function V is called an ‘indirect’ utility function.

2.3 Deriving Household Demand for an Intervention

Let us start by considering an intervention designed to reduce indoor air pollution (say an
improved stove) that changes $ and **, say from $o to $nand "o and *'n (o = old and n = new
levels). From the household' s perspective, household demand is defined by its willingness to pay
for the intervention (Harrington and Portney, 1987). The household compares its demand,
represented by willingness to pay, to retail price to determine if the household should purchase
(adopt and use) the intervention. The household follows this same logic even if the intervention is
provided for free (it still decidesif itswillingness to pay is greater than zero)®.

In general, willingness to pay is the monetary equivalent of the welfare impact of using the
intervention. Using the above notation, the welfare impact of the intervention is just the change in
utility JU* =V($n, "'n; Z, S) - V($0, "0; Z, S), where again Z represents all other parameters of
the problem except exogenous income, S is exogenous income, and ) U* isthe changein welfare.
Since exogenous income S and other factors Z are fixed, they do not change with the
intervention. The household’ s total income, based on production and income levels does change,
but the exogenous portion of total income, S, does not.

This welfare change, ) U*, takes into account al adjustments in the household induced by the
intervention. If the intervention involves large changesto $ and **, it might be expected that these
other household adjustments—such as adjustments in women’s time allocations or fuel use—are
dsolarge. These adjustments are all included in the welfare change ) U*.°

Since )U* isin “utility” or “welfare” terms, it cannot be estimated directly. From the

8 CAN WTPBE <0? IF AN INTERVENTION IS FREE BUT THE HOUSEHOL D PERCEIVES INDIRECT COSTS
(E.G. LONGER COOKING TIMES), THEN ISWTP NEGATIVE? (I.E. THEY'D PAY NOT TO HAVE THE
INTERVENTION.)
®BELIEVE IT OR NOT, | STILL DON’T UNDERSTAND THIS. IN THE EQUATION IN THE PREVIOUS
PARAGRAPH, DELTA U* REFLECTS ONLY DIFFERENCES IN ALPHA AND BETA ,WHICH ARE
TECHNOLOGICAL PARAMETERS OF FUEL AND EMISSIONS EFFICIENCIES. HOW DO THESE
INCORPORATE ALL THE OTHER HOUSEHOLD ADJUSTMENTS? (WHICH MIGHT BE THE SAME AS
ASKING WHY Z ISFIXED.)
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household’ s perspective, however, the monetary equivaent of this welfare change (call it B*) can
be defined implicitly asV($n, 'n; Z, S-B*) = V($0, "'0; Z, S), so that

B* =B(%$0, "0, $n,"'n; Z, S).

The amount B* is the household’ s demand for the intervention, where again the correct measure
of demand is willingness to pay to adopt the intervention and obtain the welfare change.™® As
common with any demand framework, willingness to pay B* can be compared to the price of the
intervention (e.g. the market price of an improved stove) to evaluate whether the household has
the incentive to adopt the intervention.™

While the measure B* is a correct measure of the household demand for an intervention, it tells us
little about the determinants of demand. To provide a better understanding of B*, and thus of
household demand for indoor air pollution interventions, the household welfare function can be
used to decompose the welfare change ) U* and the monetary equivalent B* into three
components that can be more easily interpreted and estimated (or approximated).

To begin, consider an intervention that reduces the emissions intensity of fuels used by a small
amount, so that the parameter ** decreases by a small amount (and fuel efficiency $ remains
constant). Using the utility function U* =V (*",$,S, Z) = U(Ca*, Cc*, Cm*, L*, E*, P*, Hc*,
Ha* ), the change in utility from asmall changein ", denoted as ) U*/)"*, depends ssimply on how
the change in a affects the optimal levels of the eight itemsin the utility function. Thus,

durD™ = QU*DHC*)QHe* ™) +
OQU*HHa)OHa /)" +
Ou*NHCa ) Ca/)™) + QU*HCc*)()Cc*/)™) +
OU*HCm*)QCm*/H™) + QU*DHP*)OP*H™).

While arather long expression, the increase in the optimal level of utility from a small decrease in
emissonsintensity , )U*/) ", isin fact just acombination of three effects: the direct child health
effect, defined as () U*/)Hc*)(QHc*/)™); the direct adult health effect, defined as
OU*HHa*)(QHa*/)"); and the direct consumption effects, which are the fina four terms
identified above.™

19 More specifically, B* isameasure of compensating variation.

1 While theoretically correct, the benefits measure B* is not directly observable. It can be investigated empirically,

however, using surveys and contingent val uation methods (see, e.g., Hammitt 2000; Weaver, et a. 1996; Lui, et a.

2000).

12 This expression is the result of applying the Envelope Theorem (e.g. Roy’ s Identify and Hotelling’s Lemma) from the

mathematics of constrained optimization. As aresult, because leisure and energy produced are not directly a function of

air emissions, there are no direct consumption effects related to these terms. Depending on the situation, it isalso likely
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These consumption effects--the direct effects on the household that are not due to health
impacts--have been studied to some degree in the previous literature.*® The remainder of this
paper therefore focuses on the direct adult and child health effects.

Since )U*/) " isawelfare change, it is not possible to estimate its value directly. Using the
notion of the margina utility of income, denoted as ) U*/) S where S is exogenous income, the
monetary equivalent of thiswelfare changeis:

DSHT=0U)™IOU*)Y)

Thismargina willingnessto pay DS/)"* is ssimply one point on the household' s demand schedule
of changesin emissionsintensity. Focusing on just the child and adult health components
specified above, it is possible to write this marginal willingness to pay as:

)SHa = [QU*DHc*) 1 (DU*)S)] OHc*Da) + [QU*HHa") [ (HU*/)S)] OHa/)a)
= [Pc*]OHc*)a) + [Par] OHa/)a)

where the terms in square brackets [] are the household’ s shadow value of child and adult health,
denoted smply as Pc* and Pa*.

Harrington and Portney (1987) provide a concise explanation of household shadow values for
health. For the household framework investigated here, the household’ s shadow value for adult
health, Pa*, is somewhat complicated. Adults are income earnersin general, whether thisincome
isin wage labor, agricultural production, or household activities such as child care. Adult health
isaso likely to influence child health through a variety of channels. The shadow price of adult
health, Pa*, can therefore contain five terms: 1) an adult “pain and suffering” effect; 2) savings on
avoidance expenditures; 3) savings on adult medical expenses; 4) increased household production
generated by healthy adults; and 5) the indirect effect of adult health on child health. Note that
for item (4) above, this additional household production can be in terms of more agricultural
output, more off-farm labor, more child care, etc. Similarly, the household shadow value for child
health, Pc*, can clearly contain the first four terms above.™* In some situations it might be
possible to estimate Pc* and Pa* directly, while in other situations it should be possible to
estimate some of the components of Pc* and Pa*.

that some of the direct consumption effects would aso be zero. They are included in the text to recognize the possibility.
For energy efficiency improvements, energy produced is afunction of energy efficiency, so that an intervention affecting
energy efficiency would have an additional consumption effect for the household.
¥ THEY HAVE? NEED A SOURCE OR EXPLANATION HERE.
“HOW CAN IT CONTAIN TERM (3) (SAVINGS ON ADULT MEDICAL EXPENSES)?
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In an identical fashion, the health benefits to the household from an energy efficiency
improvement would be:

)SDb = [Pc*](QHc*/)b) + [Pa*] O Ha*/)b).

If an intervention simultaneoudly affects fud efficiency (say )$) and indoor air emissions (say
)""), which will often be the case, total household willingness-to-pay for the intervention (the
benefits) is smply the sum of the two individual benefits, so that:

B* = [Pc* QHc*/)a) + Par QHa*/)a)] )a +
[ Pc* QOHc/)b) + Par QHa*/)b)] Db

This decomposition of household demand allows us to consider separately the household' s
shadow values for health and the change in health from the intervention. The health effects from
the intervention must be estimated from some health-related production function (e.g. a dose-
response relationship), while the shadow values can be estimated using various val uation methods.
This definition of demand a so provides the theoretical foundation for estimating household
demand for interventions and for understanding how policy, market, and household conditions
affect the magnitude of these benefits.™

3. Estimating the Health Components of Household Demand Using Existing Data

If we are to improve our understanding of household demand for indoor air pollution
interventions, future research should focus on estimating household demand, based on the
measure B* outlined above, in diverse locations in developing countries. Without further data on
demand, we will not be able to solve the problem of how to increase B* for large numbers of
households in the developing world and thus generate large-scale demand for interventions. This
section uses available information on indoor air interventions, health effects, and household
shadow values to show how to estimate household demand for indoor air pollution interventions
and to begin to evaluate the quality of existing information.

Four types of information are needed to estimate the health components of household demand:

i. theintervention’simpacts on fue efficiency and emissions ()" and ) $) and the resulting
effect on indoor air concentrations,

ii. the specific hedth impacts Hc and Ha to be included in the analysis (e.g. decreased
mortality risks or decreased ARI cases, as well as baseline values);

'3 The above expression for B* assumes, implicitly, that the household' s shadow values for improved health are constant
over the changes )" and ) $. Thisassumption is standard in the literature (e.g. see Viscus 1993). More recently,
Hammitt (2000) suggests that this assumption is correct.
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iii. the dose-response relationships that link )** and ) $ to direct health changes ) Hc and
) Ha and

iv. estimates of the household' s shadow prices Pc* and Pa* for changesin child and adult
health.

Note that this list does not include the effects of adult health on child health. We have omitted
this component of demand here because, to our knowledge, no data are available that would allow
us to estimate it.

Some data are available on the effects of interventions on indoor particulate concentrations (item i
above) and on the health impacts and baseline values (item ii). Thereis so far amost no published
work, however, on dose-response relationships for well-defined health impacts at the
concentrations seen inside houses in developing countries (itemiiii).** Household shadow prices
for health improvements and risk reductions (item iv) have been estimated, though extrapolating
from one local situation to another (the “benefits transfer” approach) poses difficulties. Table 1
provides some examples of the value of specific health outcomes in developing countries, while
Table 2 lays out three examples of estimating the direct health components of the benefits
measure B* from improved stove interventions.

In Table 2, the columns “traditional” and “improved” are based on Bruce (1999), who reports that
total suspended particulate (TSP) concentrations tend to range from 3,140-6,400 pg/m® during
cooking using traditional methods but fall to between 1,113-4,600 pg/m® with improved stoves.
Let us consider an example in which TSP levels are 4,500 pg/m® with a traditional method and
2,000 pg/m® with an improved stove. In this case, the intervention generates a 2,500 pg/m®
reduction in TSP levels during cooking. If these concentrations lasted for six hours of daily
cooking time, and the background level during the remainder of the day were around 100 pg/n’,
then a daily average TSP level would be about 1,200 pug/m?® for the traditional method of cooking
and about 575 pg/m® with the improved stove. If PM;, comprised 30 percent of TSP, then
average daily PMy, levels would be about 360 pug/m® with the traditional method and about 172.5
pg/m?® with the improved stove. Assuming that each day of the year isidentical in terms of
cooking duration, then annual average PMy, levels would also be 360 pg/m® with the traditional
method and about 172.5 pg/m® with the improved stove. Though these levels far exceed WHO
and US EPA standards, comparable ambient annual average concentrations have been reported
and/or estimated in parts of large cities in developing countries with high pollution levels.

Valuing Mortality Risk Changes
Increased mortality risk is a standard concern for PMyq (€.9., Schwartz 1994). For this example,

let us define the health unit of interest as annual average mortality risk to children and adults.
With mortality risk as the health unit, information is now needed on the relationship between

165ee the discussion in Smith and Mehta (2000). Forthcoming work by Ezzati and Kammen (2000) may begin to
address this problem.
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PM o concentrations and mortality risk.

The literature on the health effects of air pollution provides clear evidence of increased mortality
risks from inhalation exposure to particul ates (e.g.,Wilson and Spengler 1996). Epidemiological
studies conducted under wide-ranging conditions (environmental, climatic, demographic, and
geographic) consistently indicate that roughly a 1 percent increase in total daily mortality occurs
for every 10 pg/m® of PMy, in ambient air (Dockery and Pope 1996), with arange of 0.7-1.1
suggested by the literature (e.g. Schwartz 1994). In a developing country context, Ostro et al.
(1996) obtained essentially the same result for Santiago, Chile. Using thisinformation, Larson et
al. (1999) developed an initial particulate coefficient (PC) equal to 8.5*10° to estimate the
additional annual mortality risk per person per year per 1 pg/m® of PMyo. To our knowledge,
there are no separate estimates for children and adults available in the literature. The same
particul ate coefficient must therefore be used for children and adults alike."” Again, we emphasize
here that this number is based on existing information from ambient studies. Thereisno
comparable published work on such amortality PC at concentrations seen inside houses in
developing countries.

Using the above particulate coefficient, if the intervention reduces PM;o concentrations from 360
to 172.5 pg/m?, achange of 187.5 pg/m®, mortality risk per person per year would be estimated
to fall by 187.5¢8.5*10° = -0.0016. If baseline total annual mortality risks were, for example,
around 0.015 (a 1.5 percent annual chance of death on average in the population), the stove
intervention would be expected to lead to roughly a 10 percent reduction in total annual mortality
risk for both adults and children in the household.

Household Shadow Values Pc* and Pa* for Mortality Risks

The next step in the analysisis to determine the household' s shadow prices for improved health
(denoted above as Pa* and Pc* ), which in this example are essentially the household’ s annual
willingness-to-pay for the estimated reduction in annual mortality risk. A large number of studies
have attempted to estimate the value of mortality risk, although usually in developed countries.*®
These empirical estimates of the “value of a statistical life” (VOSL) are smply an extrapolation of

Y The average dose-response parameter cited in the text (1 percent increase in daily deaths per 10 pg/m? increasein
PM 1) is based on epidemiological studies conducted primarily inthe U.S. With about 2,100,000 total deathsin the
U.S. annually, there are on average 5,753 deaths per day. A one-percent increase in daily deaths equals 57.53 additional
deaths per day. If the entire U.S. population of approximately 250,000,000 individuals were exposed to an additional 10
pg/m? of PMy daily, then the estimated additional risk of death per day per person would be 57.53/250,000,000 =
2.3*10”. Multiplying this daily effect by 365 to convert it to an annual effect, the resulting individual annual
particulate mortality coefficient (PC) is 8.5* 10° per 10 ug/m® of PMo, or equivalently 8.5*10° per 1 ug/m® of PMo
assuming linearity in the particulate dose-response function. This number is used in the text solely as an example.
Separate estimates for children and adults could be based on different mortality risks at different ages, while assuming
that the basic 1 percent increase in daily mortality per 10 ug/m® increase in PM 3o remained the same. Given that death
rates are higher in developing countries than devel oped countries, using devel oping country deaths rates just makes the
particulate coefficient larger.
18A thorough review of the theory and empirical resultsis provided in Viscusi (1993).
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an estimated willingness-to-pay for amarginal change in mortality risk (i.e. the value of a.001
reduction in risk is multiplied by 1000 to come up with the VOSL). Unfortunately, it can often be
difficult to determine the underlying marginal risk changes associated with the VOSL estimates
reported in the literature. For example, atypica VOSL estimate for the U.S. is $3 million. What
this might actually mean, however, is that people in the study sample were willing to pay an
average of $3,000 for a 0.001 reduction in annual mortality risk (and not that they valued an
actual life at $3 million).

To trandate aVOSL estimate from one country to another, it has become common practice to
weight the VOSL by the income ratio between the country in which the VOSL was estimated and
the new country. Many of the VOSL estimates provided in Viscus (1993) were estimated for
samples of individuals in the U.S. with average annual incomes of around $40,000. If atypical
household in a devel oping country had an income equivaent of, say, $300, the income ratio
would be about 0.008. Using thisratio as a weight, then the developed country figure of $3,000
for a0.001 reduction in annual mortality risk would be the equivalent of $22 for the low-income
developing country household.™

With an estimated annual mortality risk reduction of 0.0016, and an estimated willingness-to-pay
of $22 for each 0.001 reduction in mortality risk, the estimated annual benefit per person in the
household would be estimated at about $36. If all five people in our hypothetical household were
exposed to such PM g levels, then the household willingness to pay would be $143 per year. If
this figure were in the neighborhood of the real WTP, the household demand based on willingness
to pay would be substantially higher than the typical annual costs of improved stoves, which are
reported to be in the range of $8-21 for an improved stove with chimney (Bdlard-Tremeer and
Mathee 2000).

The simple benefits transfer logic described above is dubious for at least two reasons, even if we
assume that households fully understand the risk reduction from the intervention. First,
households in devel oping countries face multiple health risks, from air, water, pests, accidents,
poor nutrition, etc. As Dickie and Gerking (1991) show, it could be the case that how a
household values one type of risk reduction depends fundamentally on the other types of health
risks confronting households. When taking into account multiple risks, Dickie and Gerking
(1991) estimate daily marginal willingness-to-pay to avoid symptoms related to outdoor air
pollution of just $1 for a data set from California, while estimates that do not take into account
multiple risks are more than $20 per day (and sometimes over $100 per day).

Second, using an income ratio to weight the origina value assumes that the income elasticity for
health risk reductions equals 1, so that a 100 percent increase in income generates a 100 percent

1% We have not found any separate estimates reported in the literature of parents’ willingness-to-pay for mortality risk
reductions for their children. A recent study by Lui et al. (2000) does consider theissuein relationto amildillness ( a
cold), but not for mortality risk. For this example, we therefore assume that the monetary value of therisk reduction is
identical for children and adults.
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increase in WTP. Mathematically, this meansthat WTP = A(Q)Y?, where ais the income
elasticity and A(a) is a parameter that depends on the income elasticity a and the base-case WTP
for the high income country (the base from which the transfer is being made). If 0 <a< 1, hedth
isa“norma” good, and WTP at lower levels of income is higher than estimated by the smple
income ratio approach. If a1, so that health isa“superior” good, then WTP at lower levels of
income should be lower than estimated by the simple income ratio approach. The implications of
thisincome elasticity are enormous. If a= 1, a benefits transfer using an income ratio of
$40,000/$300 implies that the household value is $22. If a= 0.5, however, the benefits transfer
implies a household value of $260 (which is amost the total annual household income). On the
other hand, if a= 1.3, the benefits transfer implies avalue of just $5.2 (and if a= 1.5, then this
vauefallsto just $2!).

Examples from Guatemala and Kenya

Theright haf of Table 2 (labeled “Plancha” and “Kenya’) provides calculations similar to those
above using information reported in studies of improved stoves in Guatemala and Kenya. In
Guatemala, monitored daily average PM,s levels were about 1,100 pg/m® with atraditional three-
stone fire and about 180 pg/m® with an improved stove (the “Plancha’).  While a separate PM. 5
particulate coefficient for mortality risks is not available, we should expect it to be larger than the
8.5*10°® particulate coefficient used to estimate the additional mortality risk per person per year
per 1 ug/m® of PMy,. Using the PMy, particulate coefficient, the estimated 920 pg/m?® reduction
in concentration for the Plancha (assuming the annual average difference is the same asthe daily
difference) would be expected to reduce annual mortality risks (annual probability of death) by
0.0078. The same calculation for the Kenya example would be a 0.01 reduction in annual
mortality risk. These estimated risk reductions are very large, which in large part probably
reflects the very imprecise knowledge of the relationship between particul ate concentrations and
health in these solid fuel burning households.

Using the same value of mortality risk reduction as for the previous example ($22 per changein
annua mortality risk of 0.001), the annual willingness to pay per person would be about $209 for
Guatemalaand $190 for Kenya. Thisimplied level of demand, based on willingness to pay, is aso
large re; criltive to typical costs of improved stoves reported in Ballard-Tremeer and Mathee

(2000).

The definition of demand, based on B* , also alows for the possibility that an intervention could
have a positive impact on emissions but a negative impact on fuel efficiency. McCracken and
Smith (1998), for example, concluded that the stove intervention in Guatemala substantially
reduced emissions from wood burning but also reduced fuel efficiency and increased cooking
time. The intervention thus generated a benefit from indoor air emissions reduction while
imposing a cost in terms of reduced fudl efficiency.

20 \While based on information reported in the literature, it is emphasized that the numbersin Tables 2 and 3 are
illustrative only—they are intended as examples of how to calculate the willingness to pay measure B*.
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Household Shadow Values Pc* and Pa* for Morbidity Risks

Table 3 provides an example of household demand for a reduction in morbidity in children using
information from Pakistan. Existing data suggest that using a traditiona stove increases the
annual risk of acute lower respiratory infection (ALRI) by 2-10 times (Smith 2000).* Using the
lower bound odds ratio of 2, it could be estimated that the benefits of using an improved stove (or
switching to other fuels) would be at least a 50 percent reduction in annual ALRI risk for
children, of which pneumoniais the primary cause. Children under five in Pakistan are estimated
to have an average of one case of pneumonia per child per year, of which some lead to death but
most do not (ARCH 2000). As arough estimate, then, the ALRI impact of an improved stove
could be an average reduction of 0.5 cases of ALRI per under-five child per year.

Table 3 uses two approaches to value this risk reduction. Thefirst, Table 3a, is based on medical
treatment costs. Asisreported in Table 1, the medical treatment cost of a case of non-severe
pneumonia for a child under five in Pakistan is $4.87.% |If a household actually sought treatment
and paid these costs, then it is reasonable to conclude that the value to the household of treating
the child (and presumably eliminating the direct morbidity effects of pneumonia and related
mortality risks) would be at least as great as $4.87. If ahousehold did not seek treatment, then its
implied value would be less than $4.87. For households that do seek treatment, the 0.5 reduction
in pneumonia cases per child per year suggests alower bound value of $2.43 per case, as reported
in Table 3. For households that do not seek treatment, this figure would be lower. For ayoung
child, the present value of this annual figure for a period of 5 yearsis $7.27 at a 20 percent
discount rate.

The second approach, which is shown in Table 3b, uses a combination of contingent valuation and
benefits transfer. The starting point is an estimated value of $52.01 to avoid a five-day episode of
acute ARI symptoms among adults in Taiwan.”® Applying the ratio of the average income of
households in the Taiwan sample and the average income of urban households in Pakistan, the
benefit of avoiding afive-day episode of acute ARI symptoms in Pakistan is estimated at $6.24,
implying an annual value of risk reduction of $3.12 per child. For ayoung child, the present value
of this annual figure over 5 years would be $9.33 at a 20 percent discount rate.®* These examples
indicate that, if there are multiple children in a household, the household demand for reduced

- Smith and Mehta (2000) note that odds ratios differ for rural but not urban householdsin India, where relative risks
for ARI (not ALRI) are reported to be 2.00 for rural households but just 1.22 for urban households.
2 Thisis the estimated cost of treating a case of severe pneumoniaat a public health facility in Pakistan if the WHO
guidelines for treatment of pneumoniain children are followed. ARCH (2000) contains the data and cal culations used
for this estimate.
% A more recent study by Lui et al. (2000), which isincluded in Table 1, reports median willingness to pay to avoid a
cold by mothersin Taiwan to be about $37 for themselves and about $57 for their children.
2 The estimatesin Table 3 for Pakistan are similar to those of Liu et a. (2000) for Taiwan, who found that a mother’s
willingness to pay (contingent val uation approach) to avoid a 5-day cold for her child was $57, while the medical
treatment costs associated with the same illness came to $22.
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ALRI morbidity in children alone would seemingly justify an investment in an improved stove.

4, Summary and Conclusions

The main purpose of this paper has been to define household demand for interventions designed
to reduce indoor air pollution. The household framework discussed in Section 2 expresses the
correct measure of household demand based on willingness to pay, where demand can be
decomposed into the sum of threeterms: the child health effect, the adult health effect, and the
direct consumption effect. The health effect components of demand are ssimply the physical health
changes multiplied by the household’ s shadow prices for child and adult health. Section 3 then
provided examples of estimating the health components of household demand using mortality and
morbidity risk information related to improved stoves in Guatemala, Kenya, and Pakistan.

Asthe examplesin Section 3 demonstrate, with adequate information on the individua
components of demand, it is relatively ssmple to hazard an estimate of household willingness to
pay for an intervention. At face value, the calculations reported in Section 3 suggest that
household demand for interventions should be strong, with willingness to pay exceeding costs for
common interventions like improved stoves.

The fact that such interventions are not being widely adopted by the 2 billion people still using
solid fuels, however, indicates that the data on hand remain inadequate for correctly estimating
household demand for indoor air pollution interventions. If such interventions are to be widely
adopted, future applied research is clearly need on understanding and estimating household-level
demand for indoor air pollution interventions. There are, for example, three key assumptions on
which the results of the empirical analysisin Section 3 depend: (1) dose-response parameters for
indoor air are identical to those for outdoor air, and are the same for children and adults;® (2)
household shadow prices for child and adult health are equal, and values from higher income
countries can be transferred to lower income economies;? and (3) househol ds have adequate
information to evaluate all the relationships between fuel use and health. None of these
assumptionsislikely to be entirely correct for most situations, and future research should focus on
generating better information to refine these assumptions.

If future policies and projects are going to increase demand for indoor air pollution interventions,
applied research is needed in five main areas. First, a better scientific understanding is clearly
needed of the links between fuel use, indoor air concentrations, and key health outcomes, such as
changes in mortaity risk and changes in morbidity risk for children and adults. If scientists are
not yet clear on such relationships, it is hard to imagine that households fully understand them and

% There is some evidence in yet-to-be-published research that the dose-response relationship for certain types of
morbidity effects of indoor air pollution are different from dose-response parameters from outdoor air. Thebasicideais
that the dose-response relationship may be concave to the origin.
% someinitial work on adult values of changes in child health has been done by Liu et al. (2000) and Weaver et al.
(1996). Moreresearch isclearly needed in this area.
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can incorporate them correctly into their decison making. We need to develop more-or-less
continuous dose-response relationships and to generate separate curves for children and adults if
the health impacts are age-specific. Knowing that households that rely on liquid fuels experience
fewer cases of ALRI than those using solid fuelsis useful, but it does not provide enough
information to evaluate interventions that reduce the health impacts of solid fuels but do not
replace them with liquid fuels.

Second, we must identify better ways to convey these relationships to households. Poor
households must cope with a host of daily and seasonal problems across all the domains of their
lives (socia, economic, environmental, political, etc.). The lack of household information on
fuels, air quality, and hedlth isavalid reason for regarding existing health damages caused by
indoor air pollution as an externality.

Third, more effort should be devoted to estimating the values households place on health risk
reductions in general, with an explicit consideration of how poverty affects such values and how
the existence of multiple health risks affect demand for risk reduction. To our knowledge, such
valuation of health risk reduction has not been incorporated into household-level studies of
interventions designed to reduce health risks for indoor air pollution. In the examplein Section 3,
we assumed that the value of health for children is the same as that for adults, but there is no
particular reason to believe that they are equal.

Fourth, a better understanding is needed of how specific interventions affect other household
‘fixed’ parameters as well as household production, time allocation, and consumption decisions.
An intervention’ s impacts on emissions levels are important, as are changesin fuel efficiency, fue
preparation needs, and cooking times. Adopting an intervention will also have indirect effects on
households. While this paper focused on household demand for the intervention, future research
can aso consider how adopting an intervention might alter fuel gathering, women’stime
alocations, purchases of health services, consumption of prepared foods by adults and children,
and agricultural production.

And findly, while this paper has focused on demand quantity itself, future research is also needed
to identify and evaluate policy options for increasing household demand for indoor air pollution
interventions. Policies designed to reduce the direct purchase price of an intervention will
increase demand to some extent, but little information exists on demand elasticities with respect to
price to determine. Price changes result in movements along a demand schedule, but other
policies will act to shift the entire demand schedule out, so that demand is higher at any given
price. Understanding how to achieve an outward shift in demand schedules will require a
thorough knowledge of the both the direct and indirect effects of an intervention, as well as their
empirical magnitude.
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Table1: Samplevalues of health benefits

Country | value®® | Method | Source
Mortality
India VOSL = $153,000-$358,000 Compensating wage Simon et al. (1999)
differentials
China VOSL = $45,547 Benefits transfer Florig (1993) in Pearce
(1996)
Thailand VOSL = $336,000 Compensating wage World Bank (1994b) in
(Bangkok) differentials Pearce (1996)
Indonesia VOSL = $75,000 Benefits transfer World Bank (1994a) in
(Jakarta) Pearce (1996)
Egypt (Cairo) | VOSL = $62,021 Benefits transfer Chemonics International
and Associates (1994) in
Pearce (1996)
Mexico VOSL = $75,000 Human capital approach Margulis (1992) in Pearce
(Mexico City) (1996)
Morbidity
Pakistan $4.87 to treat acase of non- Cost of medical treatment ARCH (2000)
severe, non-resistant bacterial following WHO case
pneumoniain achild under 5a | management guidelines
public clinics (clinic and pharmaceuticals
costs only)
China RAD = $1.29 Benefits transfer Florig (1993) in Pearce
(1996)
Taiwan $37 to prevent acold of 6.5 Contingent valuation survey | Liu et al. (2000)
days for amother; $57 to
prevent acold of 5.4 days
(mother’ sWTP for child)
Taiwan $30.73 to avoid a 1-day episode | Contingent valuation survey | Alberini et al. (1997)
of acute respiratory symptoms
(more severe than acold),
$52.01 to avoid a 5-day episode
Egypt (Cairo) | RAD =$1.75 Benefits transfer Chemonics International
and Associates (1994) in
Pearce (1996)
Centrd $15.30 for drugsto treat acase | Contingent valuation survey | Weaver et al. (1996)
African of child ARI
Republic
Chile RAD = $9.95 Value of awork day World Bank (1994c) in
(Santiago) Pearce (1996)

(a) VOSL = Value of aStatigtical Life
(b) RAD = Restricted Activity Day
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Table 2: Examplesof estimating the benefits of reduced mortality risks

Par ameter Units General case Guatemala Kenya
Traditional |Improved | 3-Stone Plancha | 3-Stone | Improved
Monitored pollutant TSP TSP PM, 5 PM, 5 TSP TSP
Emissions during cooking zg/ m° 4,500 2,000 27,200 450 3,503 1,822
Cooking time per day Hours 6 6 5@ 6.5@ 7.8 7.8
TSP during non-cooking -g/m’ 100 100 na na 4,496° 1,034
Non-cooking time Hours 18 18 na na 7.2 7.2
IAverage daily concentration of :g/m3 1,200 575 122 2,487 902
monitored pollutant
PM 1o or PM,5as % of monitored range 0-1 0.3 0.3 1.0 1.0 0.63 0.35
pollutant
IAverage daily PMp0r PM,5 -g/m’ 360 172.5 1,102 180 1,567 316
IAverage annual PMy,or PM,s  |:g/m® 360 172.5 1,102 180 1,567 316
Change in annual average PMy, |:g/m’ -187.5 -922 -1,251
with improved stove
Particulate coefficient = change (See def. of 8.5E-06 8.5E-06 8.5E-06

in annual mortality risk/1 =g particulate
change in annual average PM,, [coefficient

Change in annual mortality risk -0.0016 -0.0078 -0.0106

\Value of 0.001 changein $US 3,000 3,000 3,000
mortality risk for developd
country population®

IAverage household income level [$US 40,000 40,000 40,000
of group used to estimate VOSL
IAverage income level of SUS 300 357 238
developing country household
using solid fuels
Incomeratio range 0-1 0.008 0.009 0.006
Devel oping country SUS 23 27 18
approximated value of margina
risk reduction
IAnnual benefits of mortality risk {SUS per 36 209 190
(reduction due to improved person
stove)
Total exposed individualsin Number of 4 4 4
household individuals
IAnnual benefits of mortality risk [SUS per 143 838 759
reduction due to improved stove |household
Cost of improved stove (upper  [SUS per 21 21 21
end of range) household
Net benefitsin year 1 of SUS per 122 817 738
mortality risk reduction household
Source Bruce (1999) McCracken and Smith  |[Ezzati, Mbinda, and
(1998) and McCracken et [Kammen (2000)
al. (1999)

(8 Assumestwo cooked meals per day. The Plancharequireslonger cooking timesthan atraditional stove.

(b) Viscus (1993) cites $3 million as a reasonable estimate of the value of astatistical life (VOSL) intheU.S. A
0.001 change in mortality risk would then be valued at $3,000.

(c) Emissionswere found to be highest during non-cooking times, when the fire was left to smolder.
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Table 3: Examples of estimating the benefits of reduced ARI morbidity risksin Pakistan

3a: Example using treatment costs

benefits transfer

3b: Example using continent valuation and

Parameter Units | Value Parameter Units | Vaue
Pneumonia per child per Cases 1 Pneumonia per child per Cases 1
year (age 2-59 months) year (age 2-59 months)
Reduction in ALRI Cases/ | 0.50 Reductionin ALRI Cased | 0.50
morbidity per year due to child morbidity per year due to child
intervention intervention
Medical treatment cost per | US$ | 4.87 Benefit of avoidinga5-day | US$ | 52.01
non-severe pneumonia case episode of acute respiratory
symptomsin Taiwan
(adults)
Proportion of households Range | 0.5 Average income of US$ | 28,260
seeking and paying for 0-1 households used to estimate
treatment morbidity value
Average WTP for ARI US$ | 243 Average income of urban US$ | 3,298
reduction (lower bound) households in Pakistan
Present value of benefits Uuss | 7.27 Income ratio Range | 0.12
per child during years 0-5 0-1
(20% discount rate)
Average number of exposed Persons 3 Inferred benefit of avoiding | US $ 6.24
children per household a 5-day episode of acute
respiratory symptomsin
Pakistan
Present value of benefits US$ | 2181 Vaue of annual ARI risk Uss$ | 312
per household while reduction per year per child
children are <5
Present value of benefitspery US$ | 9.33
child during years 0-5 (20%
discount rate)
Average number of exposed| Persons 3
children per household
Present value of benefitspery US$ | 29.07

Sources: ARCH (2000) and Table 1.
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